Garra species are among the most abundant fish in small rivers of northern Ethiopia. Many manmade reservoirs in the region have been colonized by Garra, which often are the only fish species present and have become very abundant. Little is known about the ecology of these reservoir populations of riverine species. In this study we investigated the distribution patterns and gut fullness of 2 dominant species, G. blanfordii and G. geba, in 3 recently created reservoirs (Gereb Awso, Tsinkanet, and Mai Gassa I) in Tigray, northern Ethiopia. Species composition differed among reservoirs. Our data on fish catch densities and the fullness of the foregut suggest that the ecology of the Garra populations in the reservoirs is likely influenced by the avoidance of predation by birds. G. blanfordii, and to a lesser extent G. geba, foraged most actively after sunset.
Introduction
Garra Hamilton, 1922 is a cyprinid fish genus that occurs in many rivers and lakes of Asia and Africa (Getahun and Stiassny 1998 , Tudorancea and Taylor 2002 , Zhou et al. 2005 . The Ethiopian water systems have been described to be a diversity hotspot of African Garra species (Getahun and Stiassny 1998 , Getahun 2000 , 2007 , Tudorancea and Taylor 2002 . Stiassny and Getahun (2007) listed 17 African Garra species, 11 of which were (re)described from Ethiopian inland waters. They also stated that the Abbay (including Lake Tana) and Tekeze basins alone contain 75% of Garra species found in Ethiopia; however, these small-sized species have not received much attention because most studies in northeastern Africa tend to focus on the biology or fishery potential of commercially valuable fish species such as Nile tilapia (Oreochromis niloticus), African catfish (Clarias gariepinus), and Labeobarbus spp. (Teferra 1993 , Baron et al. 1994 , Tadesse 1997 , Wudneh 1998 , de Graaf et al. 2000 , Dejen et al. 2002 , de Graaf 2003 , Dejen 2003 , Getahun 2007 .
Tigray, northern Ethiopia (12-15°N, 37°10′-40°10′E), is an area with relatively high human population densities, with 86.15 people per km 2 in the highland plateaus (CSA 2007) . Water is the major limiting factor for agriculture in the region, and in the semi-arid highlands of Tigray, more than 70 small reservoirs have been constructed for irrigation during the last 30 years (Dejenie et al. 2008) . Most reservoirs were constructed to alleviate drought stress by harvesting water for irrigation, but they are also being used as a source of drinking water for livestock. Dejenie et al. (2008) reported that Garra species are the dominant taxon of fish in most of these reservoirs. While some remain fishless, most have been invaded by Garra, which is the only fish present except for stocked tilapia in some of the reservoirs (Tilapia or Oreochromis; Dejenie et al. 2008) .
The reservoirs in Tigray are highly eutrophied and often suffer intensive cyanobacterial blooms (Dejenie et al. 2008) . In this framework, Asmelash (2009) and Dejenie et al. (2008 Dejenie et al. ( , 2009 ) conducted studies to elucidate the relationship between the main ecological compartments of the food-web and water quality. Their results suggest, among others, that both the presence of livestock (nutrients, trampling) and fish (either through nutrient regeneration or through a top-down impact) may adversely impact water quality in the reservoirs. Other researchers also found that the presence of fish increases cyanobacterial blooms (Christoffersen et al. 1993 , Elser 1999 , Isabelle and Jean 1999 and induces changes in species composition in the plankton communities (Turker et al. 2003 , Figueredo and Giani 2005 , Rejas et al. 2005 .
Most models of freshwater food webs assume that fish occupy the highest trophic level and are a key biotic determinant of biomass and species composition at lower trophic levels (Vannote et al. 1980 , Fry 1991 , Wellborn et al. 1996 ). Yet, a number of terrestrial predators, including many bird species, feed on aquatic biota and may thus potentially be important drivers of aquatic food web dynamics. Power et al. (1989) reported that when catfish were placed in cages of various depths, fish disappeared from shallow cages but survived in deeper cages where avian predators were ineffective. The predation risk in shallow stretches of streams was found to be so strong that catfish would not feed on visible bands of algae along stream margins, even when resources in deeper parts were limited (Power 1984) . Steinmetz et al. (2003) showed that avian predators significantly alter the size distribution of fish populations. These results are in line with several other studies suggesting that avian predators may impose both lethal and nonlethal impacts on fish populations (Milinski and Heller 1978 , Harvey and Stewart 1991 , Allouche and Guadin 2001 . Diet studies also show that some taxa of avian predators usually consume certain size classes of the most abundant fish species (Salyer and Lagler 1946, Hatch et al. 2000) . Fish may avoid being preyed upon by birds through changing their behaviour and activity, trading the search for food for the avoidance of detection by a predator (Tonn et al. 1992) . Werner et al. (1983) showed that small bluegills (Lepomis macrochirus) in an environment free from fish predation occupied both open water and shallow weeded areas in ponds, whereas when exposed to predators they stayed in the shallow weeded areas most of the time. Fish can respond to predation risk by shifting their activity to time periods when predators are not abundant or cannot feed efficiently (Reebs et al. 1995 , McCauley et al. 2012 .
To date, no detailed studies have been conducted on the ecology of Garra species in reservoirs, even though they can be very abundant. For the development of management strategies including the eventual development of fisheries, a thorough understanding of the current ecological structure of these reservoirs and their resident fish populations is crucial (Tudorancea and Taylor 2002) . Because Garra are riverine fish, we asked to what extent their behaviour is adapted to reservoir conditions. We aimed to investigate the occurrence and distribution of Garra species in 3 reservoirs as well as diel changes in their foraging behaviour, quantified by both activity and gut fullness. Many of the reservoirs with a dense Garra population also harbour fish-eating birds such as terns (Chlidonias leucopterus), herons (Ardea cinerea and A. purpurea), grebes (Podiceps cristatus and Tachybaptus ruficollis), and in some cases pelicans (Pelecanus rufescens). We therefore hypothesized that the foraging behaviour of Garra in the reservoirs would reflect avoidance of predation by birds. We chose to study fish activity and foraging behaviour in 3 reservoirs that strongly differ in their ecology to explore the relationship between variation in fish foraging behaviour and the presence of piscivorous birds. The aim of the present study therefore is to obtain more insight into the ecology of Garra by studying (1) the spatial and temporal distribution patterns of the 2 dominant fish species (G. blanfordii and G. geba) present in 3 selected reservoirs of the semi-arid highlands of Tigray, northern Ethiopia; and (2) the temporal dynamics of their foraging behavior in these systems. Ecology of the riverine Garra species in reservoirs of northern Ethiopia
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Materials and methods

Study sites
We selected 3 semi-arid highland reservoirs that strongly differ in their ecology (Dejenie et al. 2008) : Tsinkanet (altitude 2320 m a.s.l.; 39°32′40″N; 14°00′54″E), Gereb Awso (altitude 2283 m a.s.l.; 39°33′17″N; 13°25′59″E), and Mai Gassa I (altitude 2131 m a.s.l.;39°29′25″N; 13°17′10″E; Fig. 1 ). Mai Gassa I was the only reservoir of the 3 with extensive macrophyte vegetation; Gereb Awso was highly turbid, while Tsinkanet was more transparent (Table 1 ). These reservoirs also strongly differed in piscivorous bird communities. Tsinkanet has an abundant (nearly always >7 individuals), near-permanent group of pink-backed pelicans (Pelecanus rufescens) as well as grebes (Podiceps cristatus and Tachybaptus ruficollis), herons (Ardea cinerea and A. purpurdea), terns (Chlidonias leucopterus), and other piscivorous birds (Asmelash et al. 2007 ). In contrast, Gereb Awso had no piscivorous birds (except the occasional visit by tern) because of its location, being partly surrounded by a village. Mai Gassa I has a diverse piscivorous bird community including grebes, herons, and terns, but rarely pelicans (Table 1 ). The climate in the region is cool tropical with an extended dry period of 9 to 10 months a year and an effective rainy season of 2 to 3 months. Annual precipitation of about 650 mm is distributed over 2 periods: a short rainy period from mid-March to April and a major rainy season from June/July to August/ September. In years with low rainfall, the reservoirs in the region can dry out. The depth of the reservoirs varies depending on the water influx from the catchments and the amount of water used for irrigation; maximum reservoir capacity may be reached during the rainy season.
Sampling
Fish sampling campaigns were conducted on 3 occasions during September-October 2005: 23 September at Gereb Awso; 26 September at Tsinkanet; and 4 October at Mai Gassa I. Samples for abiotic variables, chlorophyll a, and zooplankton were collected on the same dates. The fish communities were sampled over a 9-hour period between early afternoon (15:00 h) and midnight (24:00 h). We differentiated among 3 time periods during which gill nets were deployed: day, 15:00-17:15 h; twilight (the 2-hour period around sunset), 17:15-19:15 h; and night, 19:15-24:00 h. In each reservoir we deployed 14 (Gereb Awso: 2 pelagic and 2 littoral during the day, 2 pelagic and 1 littoral during twilight, 5 pelagic and 2 littoral during night) or 15 (Tsinkanet: 4 pelagic and 2 littoral during day, 3 pelagic during twilight, 4 pelagic and 2 littoral in night; Mai Gassa I: 4 pelagic and 2 littoral during day, 1 pelagic and 1 littoral during twilight, 4 pelagic and 3 littoral during night; shown in Fig. 5 ) multimesh gillnets. Each gillnet was left in the water for a period ranging from 30 to 170 minutes, adjusted to the expected catches based on earlier observations in these reservoirs (Dejenie et al. 2008) . In Mai Gassa I the time of net deployment was on average longer than in the other reservoirs, resulting in some overlap between day and twilight as well as twilight and night catches (Fig. 5 ). Nets were deployed each time at random locations in either the pelagic or littoral, but with most nets in the pelagic (4 to 6 nets in littoral zone depending on the reservoir; Fig. 5 ). Gillnets had a total length of 28 m and a height of 3 m. The knot-to-knot mesh sizes of the various panels of the gill nets were 10, 15, 20, 25, 30, 35, 40, 50, 60 , and 70 mm. At each sampling event we identified and counted all fish sampled. Gillnets are passive sampling devices, so harvest (catch per unit effort [CPUE] ) within a given system reflects activity of the fish.
Temperature, oxygen concentration, conductivity, and pH were measured during day and night at 2 sampling locations in the pelagic zone of each of the 3 reservoirs. Water samples were taken at the surface, middle, and near the bottom with a heart valve KC water sampler (volume: 3 L). Temperature and oxygen were measured with the heart valve sampler at each water depth, while conductivity and pH were measured with a portable meter WTW Multi 340 I electrode after pooling samples of locations. After pooling the water samples, subsamples were taken to measure chlorophyll a concentration. We used calibrated fluorometer readings (Turner Aquafluor; average of three measurements) on the pooled water sample to measure chlorophyll a concentration. Water transparency was measured with a Secchi disk (diameter: 30 cm) twice during the day at the same spot as the water samples. 
GerebAwso
Gut fullness analysis
Immediately after capture, the standard length of each fish was measured to the nearest 0.1 cm, all fish were weighed to the nearest 0.1 g, and the sex of the fish was determined. After anesthetizing and injecting the fishes with 15% formaldehyde, they were transported to the laboratory for gut fullness analysis. We dissected each individual and estimated the volume of food content as the percentage of the total gut volume filled with food, as described by Hyslop (1980) . We divided the foregut into 4 equal sections and expressed the number of filled sections as a percentage of the total.
Data analysis
Fish catches of each separate gillnet were standardized and expressed in catch per hour per gillnet. Mean CPUE was compared among different periods (day, twilight, and night) and between the littoral and pelagic zone. In each reservoir we compared mean CPUE among different species and among 4 different length classes within a species (i.e., 5.0-7.0, 7.1-9.0, 9.1-11.0, and 11.1-14.0 cm standard length; there were no fish larger than 14.0 cm in our samples). We applied nonparametric Mann-Whitney U tests to test for differences in CPUE between the pelagic and littoral zones and Kruskal Wallis ANOVA tests to test for differences in CPUE among the different time periods. We performed a Spearman rank correlation test to investigate the correlation between gut fullness and time of fish capture. We used nonparametric statistics because the data did not conform to assumptions of normality. All analyses were done using the software package Statistica (StatSoft 2011).
Results
Physicochemical variables
The measurements for the physicochemical variables of the 3 studied reservoirs (Table 1) indicate that water transparency, dissolved oxygen concentration, and temperature were relatively low in Gereb Awso compared to the other 2 reservoirs; Tsinkanet had the most transparent water, with a Secchi depth of 0.7 m.
Density and length size variation of fish
In total, 525 fishes were caught in gillnets. The 3 reservoirs differed in their dominant fish species ( Fig. 2 ; Table 2 ). In Gereb Awso and Tsinkanet the CPUE and total catch of G. blanfordii were much higher than that of G. geba. Conversely, in Mai Gassa I we caught approximately 3 times more G. geba than G. blanfordii. G. blanfordii from Gereb Awso were strongly dominated by larger size class individuals (9.1-11.0 cm standard length, 60%), while the same species was dominated by the smallest size class in Tsinkanet (5.0-7.0 cm standard length, 49%). The fish community of Mai Gassa I was dominated by intermediate size class of G. geba (7.1-9.0 cm standard length, 52%; Fig. 3 ).
Temporal distribution
There was a significant difference between day and night catches of G. blanfordii in Gereb Awso (Kruskal-Wallis, p < 0.05), with a mean CPUE of 11.0 and 24.6 per net per hour during the day and night, respectively (Fig. 4) . In Tsinkanet, high numbers of G. blanfordii were caught during the twilight and night, while no fish (neither G. blanfordii nor G. geba) were caught during the daylight hours (Fig. 4) . Around twilight, the CPUE of G. blanfordii (22.5 ± 5.5) was not significantly different from the CPUE during the night (16.0 ± 3.7). There was also no significant difference between twilight and night catches in this reservoir for G. geba (Fig. 4) . In Mai Gassa I, catches of both species were relatively low during all time periods. There was no significant difference between day, twilight, and night catches in this reservoir, although we did observe a trend for an increasing CPUE of G. geba from day to night (Fig. 4) .
Spatial distribution of fishes
No significant difference was observed between littoral and pelagic catches in Gereb Awso and Tsinkanet; however, in Mai Gassa I, the CPUE was significantly higher in the littoral compared to the pelagic zone (Mann- Whitney, p < 0.05; data not shown). We did not observe differences in the number of fish caught between the upper and lower part of the gillnets in any of the reservoirs or sampling times.
Gut fullness of fish
The results of a comparative study of 247 fish foreguts (G. blanfordii: n = 188; G. geba: n = 59) showed a significant variation of estimated gut fullness of G. blanfordii with time of capture (Fig. 5) . Gut fullness of G. blanfordii significantly increased from twilight to night in Tsinkanet (r sp = 0.51; no fish were caught during the day in this reservoir) and from day to night in both Gereb Awso (r sp = 0.12) and Mai Gassa I (r sp = 0.52; Fig. 5 ). In contrast, we did not find a clear correlation between gut fullness and capture time in any of the 3 reservoirs for G. geba (Fig. 5) . In Mai Gassa I, we found a relatively large number of G. geba with full guts also during the day and twilight periods; in this reservoir, however, no sampling was done after 22:00 h.
Discussion
We observed clear differences in temporal patterns in activity and gut fullness among reservoirs and fish species. While the differences among the patterns in Mai Gassa I and the other reservoirs can be attributed to a difference in species composition, this is not the case for the divergent behaviour of G. blanfordii in Tsinkanet and Gereb Awso. We maintain that this difference can be explained by variation in predation risk from birds. There are 2 lines of evidence for support: the difference in size distribution among the reservoirs and the difference in foraging behavior (Bohl 1980 , Garner 1996 , de Graaf et al. 2000 . In Tsinkanet and Gereb Awso, G. blanfordii clearly showed higher activity during twilight and night than during the day, and this pattern is much stronger in Tsinkanet, where no fish were caught during the day. This finding is also reflected by our data on gut fullness of G. blanfordii , indicating a clear increase in foraging intensity during twilight and at night in both Gereb Awso and in Tsinkanet. Here too, the pattern is stronger for Tsinkanet, where full guts (80% gut fullness) were only Overall, our results suggest that the Garra populations in the 3 studied reservoirs show clear diel changes in activity and feeding. These differences are likely linked to differences in predation threat posed by piscivorous birds in the different locations, suggesting that the Garra populations in the reservoirs have adopted behavioural strategies adapted to local reservoir conditions. observed after 19.00 h, which was also the case during the twilight period in Gereb Awso. Our observations of increased activity and feeding during twilight and at night are in agreement with studies on many other fish species (Bohl 1980 , Goldspink 1990 , Gliwicz and Jachner 1992 , Garner 1996 , Jacobson and Berg 1998 , Metcalfe and Steele 2001 and likely reflect an antipredator behaviour. Thorpe and Moore (1996) reported that fish and birds, most of which are daytime visual hunters, are the most common predators of fishes. In the reservoirs we studied, there are no large fish species that can act as predators. Piscivorous birds, however, are present and are much more prevalent in Tsinkanet than in Gereb Awso (Table 1) , presumably because the latter reservoir is located in a village, leading to more disturbances. Gereb Awso is also more turbid than Tsinkanet, which also reduces hunting efficiency of birds (Gregory and Levings 1998 , Scheffer 1998 , Jacobsen et al. 2004 , Pekcan-Hekim and Lappalainen 2006 . It is possible that the association between differences in predation risk by fish eating birds and differences in turbidity between Tsinkanet and Gereb Awso is not coincidental. Dejenie et al. (2009) have shown that in an enclosure experiment carried out in the same 2 reservoirs the presence of Garra increases turbidity. It is not unlikely that the higher abundance and threat posed by fish eating birds in Tsinkanet compared to Gereb Awso resulted in a lower impact of fish and higher transparency in Tsinkanet compared to Gereb Awso.
The fish population of Tsinkanet is dominated by the smaller size classes, while the population in Gereb Awso is dominated by large individuals. The small body sizes of Garra in Tsinkanet may reflect a direct consequence of removal of certain sized individuals (Steinmetz 2003) . Our data suggest that G. geba in Mai Gassa I behaves differently from G. blanfordii in Tsinkanet and Gereb Awso. Whether this reflects a difference in species or in habitat is difficult to conclude because G. geba was only found to be abundant in Mai Gassa I, which is characterized by relatively abundant submerged vegetation (mainly Potamogeton species). While in this reservoir the activity of G. geba tends to increase from day to night (although statistically insignificant), its abundance in Tsinkanet and Gereb Awso is too low to draw firm conclusions. Nevertheless, the data suggest a tendency for increased activity during the night in Tsinkanet (no fish caught during the daytime, and gut fullness always <20% during twilight and early night). Structured habitats that may function as a refuge for prey have been shown to reduce overall predation risk (Savino and Stein 1982 , Turner and Mittelbach 1990 , Persson and Eklov 1995 . The presence of macrophytes may therefore explain the lack of a clear temporal pattern in foraging behaviour of G. geba in Mai Gassa I.
